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Maintenance findings indicate that current maintenance effectiveness could be
substantially improved. Improvements could be made through equipment design,
training, supervision, job aiding, and automated test equipment.

Utilization of Pindings:

The hard copy database contained in this report can be used to assist
those requiriag human performance information relevant to the AFV for the
purposes of developing training, design, or manpover requirements. The
database can be used at several levels of detail from viewgraph summary to
actual findings reported in the studles. Some research voids and possible
future research areas have also been identified and could be used to develop
nev research programs aimed at human performance issues relevant to the AFV.
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HUMAN PERFORMANCE DATA RELEVANT TO
THE ARMORED FAMILY OF VEHICLES

OVERVIEW

Operational Problem

With the concept exploration phase of the Army's Armored Family of
vehicles (AFV) and the implementation of the Army's Manpower and Personnel
Integration (MANPRINT) program came the need for research on human performance
issues relevant to the AFV. The identificatfon and summarization of reievant
past research serves as an aid in the determination of human performance
{ssues, research voids, and possible solutions, as well as future research
needs for the AFV. Relevant quantitative human performance data are
potentially useful in evaluating MANPRINT risks and subsequently useful in
determining the developmental and engineering design requirements supporting
the human performance demands of the AFV system concept.

Research Objective

The purpose of this research was threefold. First, to provide a hardcopy
data base of information in four major areas of risk relevant to the human
performance issues in the MANPRINT program for the AFV. The four risk areas
were 1) encapsulation; 2) information processing; 3) continuous cperations;
and 4) maintenance. The second purpose was to summarize the relevant data in
the four risk areas in such a way as to provide answers or illuminate new
human performance MANPRINT issues for the AFV¥. The third purpose was to
identify research voids and future research needs for human performance {ssues
in the AFV in order to assist in guiding the direction of future MANPRINT
research directed at AFvV.

Scope

The scope of this research project was defined in terms of the four main
risk areas fdentified above by the AFV MAKPRINT Steering Committee as being
particularfly important from the MANPRINT perspective. The information
contained in this data base was obtained from an extensive review of the
existing literature on the above four topics with an emphasis on quantitative
resylts. Because of time constraints, the 1{terature review was restricted to
the most relevant and representative information relating to AFV human
performance MANPRINT {1ssues. It is anticipated that this data base and
summary of existing research will assist those personnei involved during the
varjous phases of the acquisition process by providing some of the MANPRINT
human performance data related to the AFV which can be used to develop design,
training and manpower requirements.

Constraints

This research product was originally intended to support a Headquarters
Cepartment of the Army In Process Review (IPR) on August 18, 1987. The
purpose of this IPR was to assess the overall technical risk of the AFV
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project and to determine if the program should continue. However, the
research project was not initiated until late June. Therefore, this project
represents about 70 professional staff days of work. Along with this time
constraint a Special Task Force (STF) appointed by the Deputy Chief of Staff
for Operations and Plans (DCSNPS) changed one of the risk areas from
*realistic doctrine and battlefield security® to "effects of continuous
operaticn®. Because of these constraints the present review of the literature
cannot be considered exhaustive. It was the intent of the research team to
Tocate and summarize the most relevant and representative research avajlable
within the time constraints. There will be a continual need to update the
data base as new research is produced.

How to Use the Report

The repert is divided into a number of different sections, some of which
may be used alone or in conjunction with other sections depending on the level
of detail required and the user's needs. The results sectfon provides a
narrative of the more relevant research findings for each of the four risk
areas. Within each risk area, implications for design, training and manpower
requirements are presented. It is not necessary, although recommended, to
read the research findings in order to use the implications. The findings are
also presented in Appendix B as input waterial for briefings on human
performance MANPRINT findings relevant to the AFV. For those requiring more
information regarding the data presented, the briefing input material
references data sheets located in Appendix C. These data sheets provide
detailed abstracted data and information along with implications relevant te
human performance MANPRINT issues for the AFV. Appendix A contains an
alphabetized reference 1ist of 211 the documents which were abstracted and may
be used in conjunction with references cited in the results section to locate
information in Appendix C. Finally, the discussion section of this document
presents general research voids and suggests possible future research
directions.

BACKGROUND

The Army's AFV concept development program, begun in 1986, is aimed at
developing an armored vehicle family that wiil include a full range of
vehicles with maximum comporent commonality.

Commonality is not a new idea; both U.S. and foreign automobile
manufacturers have been relying extensively on standardized parts for many
years to help keep developmental and production costs down. In Army combat
vehicles, there are common subsystems such as engines, transmissions and
electronics, and common chassis in such vehicle families as the M2/M3
Bradley. However, the AFV as now envisioned would represent the most
ambitious use of this idea for the Army.

The new armored family may include two or three common chassis that couid
be combined with any of various subsystem modules——ecach designed for a
specific misston--to build a full range of armored vehicles. To build a tank,
for example, there would be a module outfitted with a main gun and a
fire-control system. A recovery vehicle would have a madule with a crane and
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winches. For an infantry vehicle, there would be an armored module designed to
carry troops.

Given this commonality, important logistics and training benefits should
be evident; certainly, it would be much easier to train mechanics and
drivers. Also, it would be cheaper to buy large quantities of parts common to
the entire fleet than to buy smaller quantities of unique parts for each
vehicle type. Thus, there is a great potential for reduced overall vehicle
sustainment costs.

If the projected acquisition schedule is adhered to, full-sczle AFV
development will get under way in 1990, with introduction of vehicles to
troops possible during the mid 1990s.

An essential part of the early concept eaxploration stage is the work
currently conducted by the Armored Family of Vehicles Special Task Force
(AFV-STF). The AFV-STF provides the central focus on the project and
coordinates all the various research projects currently explering the myriad
requirements for fielding a new family of vehicles. These projects extend
from new engine and material technologies to training and crew performance.
An integral part of AFV-STF is the MANPRINT Steering Committee which provides
specific guidance on manpower, personnel, training, human factors, system
safety and health hazards as they relate to the various recearch and
development tasks.

Risk Areas

The AFV MANPRINT Steering Committee identified four major risk areas from
the MANPRINT perspective. These four areas were 1) encapsulation; 2)
information processing; 3) continuous operations (CONOPS); and 4)
maintenance. A number of human performance MANPRINT issues related to these
risk areas were identified by the Steering Committee as relevant to the AFV
concept. This 1ict was expanded by the present research staff in order to
assist in defining the relevant areas of literature to review. These expanded
issues and subissues are presented in Table 1.

The present effort focused on determining AFV human performance issues
which had already been examined in past research. This process was guided by,
but not 1imited to, the list of issues presented in Table 1. It is
anticipated that past research will not be able to offer answers to all or
even a majority of the issues and subissues. Those issues which cannot be
answered directly by past research could be considered research voids and
could be ysed to guide future research programs. The 1ist is expected to
expand and be revised as past research, current and future research will
address older issues and bring to 1ight new issues that are useful in
developing design requirements for the AFV.

——




Table 1. AFV Issues-Subissues tist

ENCAPSULATION What 1s the effect of crew confinement
in an enclosed armored vehicie on crew
performance in combat?

A. SUSTAINED OPERATIONS OF ENCAPSULATED CREWS - To what extent can
encapsulated crews perform required tasks effectively over
sustained periods of combat? To what extent does prolonged
encapsulation affect crew performance after they are released from
encapsulation (effects of disorientation)?

B. OPERATIONAL REQUIREMENTS OF SOLDIERS, CREWS, AND UNITS - To what
extent are operational requirements of encapsulated soldiers,
crews, and units achievable through the use of encapsulation
support equipment (e.g., oxygen filtration and temparature/humidity
support systems, visual monitoring systems)?

C. FEASIBILITY OF INDIRECT VISUAL MOMITORING - To what extent are
indirect visual monitoring systems feasible for use in AFV crew
tasks which require external visual information {e.g., surveillance
tasks to identify enemy threat)?

0. INTERACTION OF CREW ENCAPSULATION WITH PERFORMANCE SHAPING FACTORS
- To what extent would crew encapsulation interact with soldier
performance shaping factors (e.g., lack of confidence in indirect
visual monitoring systems, communications, decontamination
procedures, recoil vibrations (especially multiple fires),
mobility, environmental systems, crew space layout, dietary
sufficiency, clothing, personal hygiene, sleep deprivation, crew
rotation, fatigue, heat stress, motion sickness, and workload)?

INFCRMATION PROCESSING - What are the effects of workload and
fatigue on crew performance of critical
high cognitive skill tasks?

A. AFY DESIGN TO REOUCE COGNITIVE OVERLOAD -~ What are the AFV
soldier-machine interface design requirements for reducing
cognitive overlozd conditions, enhancing scldier performance of
critical tasks during sustained operations (in spite of fatigue
effects), and maintaining coherent workload among crewmembers?

8.  INFORMATION REQUIREMENTS FOR ENCAPSULATED CREWS -~ What are the
information needs of encapsulated AFV crews to facilitate the
performance of critical operations tasks?

ISR




Table 1. (Cont'd)

INFORMATION PROCESSING (Cont'd)

C.

MAINTENANCE AND TROUBLESHOOTING -

CONTINUOUS OPERATIONS -

COMMAND AND CONTROL INFCRMATION REQUIRCMENTS - What are the
information requirements in order to assure necessary command and
control of AFV units?

MINIMUM INFORMATION REQUIREMENTS AND MAXIMUM TOLERABLE WORKLOAD
DURING DEGRADED MODE GPERATIONS - What are the minimum information
needs of encapsulated crews and maximum tolerable workload to
perform critical operations tasks during degraded mode (meaning
manual armored vehicle) operaticns? What are the minimum
information needs and maximum tolerable workload of a reduced crew
comglement to perform critical combat tasks (when personnel are
attributed through injury and casualties)?

What are the maintenance and
trcubleshooting requirements
that 1impact on soidier
performance of AFY
maintenance under a variety
of circumstances?

CRITICAL MAINTENANCE TASKS - What are the critical maintenance
tasks required to maintain, troubleshoot, and support the AFV?

DENSITY OF ELECTRONIC/VETRONIC EQUIPHENT - To what extent will the
density of AFV electronic/vetronic equipment result in maintenance,
troubleshooting, and support requirements that exceed the number
and cognitive skill of current and projected Army electronic
maintenance technicians?

ADEQUACY OF BIT/BITE/ATE - To what extent can BIT/BITE and ATE
equipment be used to reliably facilitate the diagnosis of failed
subsystems, equipment, or components, and thereby ease the
cognitive skill burden on the Army's electronic mainterance
technicians?

What are the effects of centinuous
operations concepts on the ability of
AFV personnel to operate, maintain, and
support the AFV to achieve combat
rissions?

CONTINUOUS OPERATIONS MISSION REQUIREMENTS - What are the
continuous operations missiorn requirements for AFV units and what
time durations and unit/crew rotations are planned for such
missions?

CONTINUOUS OPERATIONS TASKS - What are the critical operations,
maintenance, and support tasks which are most adversely affected by
the stress and fatigue associated with continucus combat operations?

[
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Table 1. {Cont'd)

2. CONTINUOUS OPERATIONS (Cont'd)

€. CONTINUOUS OPERATIONS PERFORMANCE SHAPING FACTORS - What are the
relevant soldier performance shaping factors which most affect
performance of critical soldier operations, maintenance, and
support tasks and which can be offset through equipment designs
which facilitate soldier performance?

D. SOLDIER-MACHINE INTERFACE DESIGN REQUIREMENTS FOR CONTINUOUS
OPERATIONS ~ What are the soldier-machine interface design
requirements for enhancing soldier/crew performance of critical AFV
tasks during continuous operations?

The specific methodology used by the research team to locate, review, and
summarize past research findings and abstract AFV human performance Gata is
presented in the following section.

METHODOLOGY
The basic task of the research staff was to locate, review, and summarize
past literature on the four major risk areas identified by the AFV MANPRINT
Steering Committee (i.e., encapsulation, information processing, continuous
operations, and maintenance).

The Collection Process

The first part of this research project required the location of research
material on the four risk areas. 2s with any literature search in which
references from one document lead to the Jocaticn of other documents, this
task progressed throughout the 1ife of the project.

In order to enhance the generalizability and relevancy of results,
documents were collected with emphasis on the following four factors:

1) Studies Using Field Experiments. Field experiments provide a means of
manipulating meaningful indapendent measures (e.g., level of MOPP protection)
while collecting data on meaningful dependent measures {(e.g., number of
targets hit) in a realistic setting under semi-controlled conditions. Not all
of the studies reviewed, however, were field studies. Often, laboratory
experiments, expert judgements, field tests, modelling, simulation, or field
observations were found to be useful to the project.

2) Studies Using Soldier Population. With the projected decline in the
quality of the military manpower pool (Rimland & Larson, 1380) it was thought
probable that the population of soldfers for the AFV would be significantly
different, in terms of aptitude and training, from subjects used in many
experiments carried out on college populations. These differences could lead
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to human performance results which would not generalize between the
populations.

f 3) Studies Using Armored Vehicle Crew Member Tasks. Although it was not known

! what the exact AFV soldier tasks would be, it was assumed that the tasks would

\ be similar to those performed by present armored vehicle crews. Therefore, !
studies which involved tasks performed by present armored vehicle crews (e.g.,
target acquisition, performance in MOPP gear, and command and control
performance) were considered important.

4) Studies Containing Quantitative Data. Data which is quantitative in nature !
can be more easily used to develop specific AFV design and training , .
requirements than can qualitative data. Also, quantitative data are more
easily understood by engineers and thus MANPRINT considerations should have a
better chance of being incorporated into the system design. Often, however,

-~ qualitative data is useful in understanding why or how some phenomenon is
occurring and therefore qualitative data were included.

Documents were obtained from a variety of sources with the cooperation of
a number of agencies and services. These included the U. S. Army Research
Institute (ARI}, the U. S. Army Human Engineering Laboratory (HEL), George
Mason University, Georgetown University, Defense Technical Information Center
{DTIC), Defenze Logistics Studies Information Exchange (DLSIE), and National
Technical Information Service (NTIS). Oocuments were also obtained from ARI
and HEL scientists as well as from Walter Reed Army Institute of Research i
(WRAIR) scientists. .

The Review Process

The review process commenced with the assessment of each document for
relevance to one of the issues. Figure 1 §llustrates the decision process
used to determine relevance. The assessment tree was developed in accordance
with the generalizability facters mentioned above. Although all documents
acquired were initially thought to be of possible relevance, upon closer
examination many of the documents were not relevant and were not abstracted.

; Those documents which survived the initial screening for relevance were
categorized as pertaining to one of the four risk areas and each document was
given an individual identification (10) number. The ID aumbers began with a
two letter sequence fdentifying the risk area, followed by a three d¢igit
number assigned sequentially to the documents as they were reviewed. The IV
numbers located on the data collection and summary forms in Appendices B8 and C
can be used later to quickly identify individual documents. J

A total of 216 documents were recefved and reviewed for inftial
relevance. Of these, 96 were found to be relevant to tha AFV and the four
risk areas. Twenty-one were relevant to encapsulation, 27 to CONOPS, 28 to
jnformation processing and 20 to maintenance. Twenty-four of the studies
abstracted were controlled latoratory experiments, 40 were controlled field
experiments, and 32 were studies which involved simulation, modelling, expert
Judgement or observation.




] ASSESSMENT TREE FOR RELEVANCE

H TAKEN COLLECTIVELY, DEPENDENT MEASURES AND
TREATMENT, 'I’LIK. SITUATIONAL ANG SUBJECT VARIABLES | 1
DEMONSTRATE HIGH RELEVANCE TO TOPICS OF INTEREST.

TREATMENT AND TASK VARIABLES MAY SHOW GOOD
RELATIONSHI® TO TOMCS OF INTEREST; HOWEVER, 2
DEPENOENT SUBJECT AND SITUATIONAL
VARIABLES MAY NOT.

DEPENDENT MEASURES AND TREATMENT, TASK, SUBJECT,
AND STUATIONAL VARABLES SHOW SUIGHT RELATIONSH® 3
WITH TOMICS OF INTEREST.

WITH ARZSPECT TO ENCAPSULATION,
INFORMATION

MANTENANCE,

OPERATIONS

Figure 1. Assessment Tree for Relevance




Following the initial categorization of relevancy, the documents were more
thoroughly reviewed. This process consisted of reading and abstracting from
the documents quantitative data relevant to one of the four AFV human |
performance risk areas. In order to assist in the review process as well as
organize information obtained from the review, data collection sheets were !
developed and approved by the STF MANPRINT and ARI Representatives.

i
The first page of the form, shown in Figure 2, has three basic sections .

and purposes. In the first section, (at the top of Figure 2) information )

relevant to identifying the document is presented. This information allows

the user to locate the - tual document if required. The information entered '

into this section includes the unique identification number assigned to the :

document, the security classification, title, and author(s) of the document,

™~ the organization and its iocation, and date of the document. -

The second section of the form, “Subject® (shown in the middle of Figure
2), offers a descriptive summary of the research contained in the document and
often gives the numbers and types of subjects as well as the manipulations
performed. This section provides useful background information which can !
assist the reader in understanding the research reviewed. The third section
of the form, at the bottom of Figure 2, is a checklist describing the research
and its relevance to AFV., This includes an indication of the nature of the
research, the military function and risk area of the research, the type of
data reported, and the AFV relevance (determined from using the relevance .
decision tree presented as Figure 3). The legend used to interpret the :
checklist is presented in Figure 3.

The second page of the data sheet, shown in Figure 4, is the AFV .
Findings/Issues Worksheet. This page has five columns of information. The '
first column, RISK AREA, contains the document d{dentification number.

Relevant research results were placed in the second column, FINDINGS, of the

worksheet. 1Issues abstracted from the findings were placed in the third

column, HUMAN PERFORMANCE/MANPRINT ISSUES. These issues required conclusions

to be drawn from the findings and implications made for the AFV. A rating of

the RELEVANCE of the MANPRINT/Human Performance issue was made in the fourth

column. Ratings were based on the Relevance Decision Tree located in Figure ) ]
(this is the same decision tree used to rate the relevance of the overall
document). In the final column, the CRITICALITY of the MANPRINT/Human
Perfornance issue was evaluated. Ratings were performed with the Criticality
Decision Tree shown in Figure 5. The decision tree was adapted from the three
levels of human factors engineering analysis (HFEA) fssuzs identified in HEL
Memorandum number 70-8. Numbers were assigned to the levels and a
hierarchical tree was developed.

- - -
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( AFV DATA COLLECTION SHEET

] AFV DATA COLLECTION SHZET

AFV DATA COLLECTION SHEET

DOCUMENT IDENTIFICATION NUMBER:
SECURITY CLASSIFICATION:

NATUREOF RESEARCH: CLE.__ CFE___ FOM__.
SIM —— MOD.— BJ .

HLTARY FUNCTION: OP e MA o SU

MAJOR RISKABEA: BN P oM . COs OH
TIPEQEDATA A e O e & e
AFY BELEVANCE: NO — SL MO - W .

Figure 2. AFV Data Coliection Sheet
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CLE
FOM
MOD

oP

EN
MA

QT

NO

LEGEND
Controlled Laboratory Experiment CFE Controlled Field Experiment

Field Observation or Measurement SIM  Simulation

Modelling EJ Expert Judgement
Operations MA  Maintenance SU  Support
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Figure 3. AFV Data Collection Legend
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RESULTS

The rurpnce of the present project was to collect and abstract from past
research information from which human performance MANPRINT implications could
be drawn for the AFV in four risk areas. The areas selected by the AFV
Manprint Steering Committee were encapsulation, information processing,
continuous operations, and maintenance. Presented in the following section are
findings relevant to the four areas for the AFV concept. Emphasis was placed
on collecting quantitative information which was readily generaiizable to both
the tasks and population which would use the AFV.

In presenting the results below, each of the four risk areas is treated
separately. A definition is provided for each area, followed by a narration
of relevant findings. Each sectfon concludes with design, training, and other
implications for the AFY. viewgraphs which parallel the findings and are
appropriate for briefings are found in Appendix 8. Users who wish more
detailed information regarding the findings can refer to Appendix C which
contains the abstracted findings and issues for each of the studies reviewed.
An alphabetized reference 1ist of all the abstracted documents is located in
Appendix A and is cross listed with Appendix C to allow easier access to the
information.

Encapsulation
Definition

Encapsulation for the AFV soldier refers tc the enclosure and fsolation of
the soldier from the outside world. For the AFV soldier, encapsulation could
occur in the buttoned-up vehicle, in mission-oriented protective posture
(MOPP) gear, as well as in both conditions. In the vehicle, the seldier
typically has restricted mobility and s in close physical proximity with
other crew members. In both the vehicle and MOPP gear, sensory stimulation is
attenvated. Of importance to AFV designers will be how encapsulation
interacts with environmental stressors such as temperature, noise, and
continucus operations in the determination of human performance.

Findings

Humans can be encapsulated for up to 48 hours and possibly much longer
with 1ittle or no effect on cognitive or perceptual performance (Ormiston &
Finkelstein, 1961). For example, submarine crews are often encapsulated for 3
to 6 months with few problems. Reviews of the literature (Kubla & Warnick,
1979) suggest that ancapsulation, by itself, does not ‘ead to performance
deficits for military crews. A large number of other factors, however, do
interact with encapsulation to cause performance deficits. Size and shape of
the cabin, the duration of confinement, the work/rest schedules used, the
leadership provided, the temperature and noise in the environment, as well as
the amount of sensory deprivation or overload experienced by the soldier all
interact with encapsulation to degrade performance.
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Cabins of smalil size, when poorly designed, can cause a number of
physiological problems which can lead to poor performance. Hicks (1964) found
that soldiers who were confined in a mobile or static armored personnel
carrier (APC) for varying periods (4-, 8-, 12-, and 24 hours) suffered
significant loss of equilibrium, stamina, locomotor coordination, and grenade
throwing ability. Oeficits were attributed to cramping caused by confinement
in 3 restricted area. The smail size of the cabin also provided insufficient
space for stowage of equipment, resulting in difficulty entering and exiting
the vehicle. Hicks® (1960a, 1964) research suggests that methods should be
developed to alleviate cramping and stowage problems in the AFV. Methods to
alleviate cramping could include more space to stow equipment, increasing
space to allow for exercise, development of exercises which can be performad
in close quarters, or development of clothing designed to increase circulation
and reduce cramping.

Vibration, caused by moving vehicles, interacts with encapsulation tc
reduce performance (Hicks, 1960a). Hicks (1960a) found that soldiers confined
in a moving APC for 4 hours were affected by nausea, cramping and motion
sickness. The result was performance decrements for rail waiking, obstructed
run, rifle fire, and grenade throwing immediately upon dismounting the
vehicle. The above findings have been replicated a number of times (Hicks,
1960b, 1962) and indicate that AFV designs which minimize the effects of
cramping and motion sickness can result in superior performance to designs
which do not take these factors into consideration.

Soldiers wearing MOPP gear experience a special case of confinement. 1In
MOPP IV the soldier has reduced sensory stimulation (visually, auditorily, and
tactually) as well as temperature buildup. During 2 test (P2NBC2) designed to
assess the effects of wearing MOPP gear during extended operations,
performance on a number of tasks was found to deterforate for soldiers in MOPP
IV as compared to soldiers fn MOPP 0 (Headley et al. 1988). The changes included
less accurate use of direct fire weapons, incr@ased calls for direct fire,
increased time to perform tasks and missions, increased frequency and duration
of radio messages and increased compromises in sound tactical regimen.
Soidiers in MOPP IV status also exhibited higher platoon leader losses and
replacement times as well as greater friendly personnel and vehicle losses.

Survival times are also greatly affected by the interaction of
encapsulation (MOPP IV) and temperature. Tank crews wearing MOPP IV gear in
high temperatures lasted from 3.3 to 15 hours (Headley et al, 1988). Similar
findings occurred for howitzer crews in MOPP IV in high temperatures. They
lasted only 1.9 to 3.8 hours comvered to a howitzer crew in MOPP 0 which
lasted 19.4 hours. Under mild temperatures, when MOPP gear could occasionally
be removed and a sleep break given, Bradley Infantry fighting Vehicle (BIFV)
crews in MOPP IV lasted 31 to 38 hours (Headley et al. 1988). Further, Kelly (1980)
found that M1 crewmen dressed in MOPP IV lost effectiveness in 1 hour and 20
minutes while loading and unloading dummy rounds.

Even in MOPP O, buttoned-up vehicles can reach high and uncomfortable
temperatures. Hicks (1964) found that the temperature in an APC with engine
off rose to over 100 degrees with relative humidity of 94%X. The extreme
temperature combined with the restricted space resulted in cramping and nausea
which affected performance. Temperature reduction, either by micro or macro
cooling, should lead to increased abiiity to remain encapsulated as well as
attenuate performance degradation.




AFV Implications

‘The above findings indicate that adverse perfermance effects can occur in
an encapsulated environment due to cramping, nausea, and high temperatures.
Cramping can be reduced by increasing cabin space which may be accomplished
simply by reorganizing the interfor. A well-designed cabin can allow for
exercise as well as the efficient stowage of equipment. Equipment which
cannot be easily stowed can cause accidents 1f left unstowed in a cramped
environment. If additfonal cabin space cannot be provided for the soldiesr,
devices which allow the soldier to exercise muscles and increase circulation,
such as pressure suits, may be useful. Isotonic or other similar exercises
may provide relief from cramping.

The nausea soldiers experience while encapsulated in a moving vehicle may
be a result of motion sickness. Motion sickness may be reduced if vibraticn
is decreased by develcping better suspension systems. Reducing temperature
buildup may aliso decrease the possibility of motion sickness.

High temperatures can be reduced by providing micro and macro cooled
environments. Such environments include overpressured tanks as well as
micro-cooled vests. Portable cooling units which can be attached to the
soldier 1ike a backpack have already been used with success. In Operation
REDLEG (U.S. Army Human Engineering Laboratory, 1987), fire direction center
(FOC) crews lasted 54 hours with hatches open but with micro-climate systems.
With hatches closed and an overpressure macro-climate, FOC crews were able to
last 72 hours. The above findings provide powerful evidence to support the
idea that reduced temperatures in encapsulated environments will increase
survivability.

Methods should also be considered for reducing the humidity buildup in the
encapsulated environment. Reduction of humidity will, by itself, reduce the
effective temperature providing for better performance. Consideration should
be gi:e]to the use of a dehumidifier, silica crystals, or other absorbent
materials.

Information Processing

pefinition

Human information processing refers to the cognitive activity involved in
the receipt and analyses of information, as well as the complex decision and
action taking which subsequently occur. Some specific information processing
characteristics which are important for effective AFV soldier performance
include detecting and evaluating (using vision, audition and other senses)
degraded information; assessing battlefield cues and sitvations; and
responding to a high workload rate possibly requiring the performance of
severa) tasks simultaneously. The AFYV soldier will aiso have to respond to
variable rates of information flow, compensate for variable conditions of
mission, enemy, terrain, time avajlable, and troops (METT-T), evaluate and
select alternative courses of actfon, and communicate and coordinate with
supporting elements all in a timely manner. The AFY soldier finally may have
tg cogpensate for performance decrements resulting from sustained operations
{SusaPs).
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Findings

Many of the tasks the AFV soldier will be asked to perform, from the most
basic to the most complicated, will require the effective detection and
interpretation of Ynformation. Much of this informatfon will be in the form
of verbal communication. Degraded verbal communication can cause numerous
problems for the performance and safety of AFV crews including missed
communications, slowed performance, and increased errors. One factor which
can cause degraded verbal communication is vehicle noise. Shoemaker,
Garinther, and Kalb (1980) tested the effects of vehicle noise on verbal
intelligibility for soldiers wearing the D4-132 helmet and AN/VIC intercom
system. They found that soldiers could detect 90%, 85% and 70% of the words
with background noises of 85 decibels, 95 decibels and 107 decibels
respectively. Many of the track vehicles in use today generate nofse between
100 db and 115 db when traveling 10 to 20 miles per hour. Methods to reduce
verbal degradation due to vehicle noise include improving communication
equipment used in the AFV and reducing vehicle nofse in the AFV to 95 decibels
or lower.

Another factor that can degrade communications is the use of mission
oriented protective posture (MOPP) gear. However, Bruno (1979) found that
intelligibility between soldiers wearing many different types of masks and
hoods was usually adequate (defined by Bruno as above 80% intelligibility).
The poorest performance (69% inteliigidility) occurred when soldiers wore the
M-9AT mask and the M-3 SP hood.

Although Bruno (1979) found that communications in MOPP gear is adequate
under degraded conditions, other sensory information has been found to be
degraded by the suits. Eoth one-handed znd two-~handed manual dexterity are
poorer when wearing nuclear, biclogical and chemical (N3C) gloves than bare
handed (Johnson & Sleeper, 1986). The NBC masks also affect vision. Harrah
(1985) found that the field of view decreased between 44X and 58% for soldfers
wearing the M7 mask and using binoculars. One of the effects of this was to
produce a corresponding increase in scanning time (41% to 69%). To compensate
for this, soldiers increased their scanning rate (degrees of area scanned per
second) which could possibly lead to missed detection of targets. The XM30
mask was also found to decrease peripheral vision (Barnes, Hanlon, Harrah, &
Merkey, 1983). Other problems with this mask included difficulty in correctly
donning the mask, and an estimated potential casualty rate of 30% due to early
mask removal caused by discomfort. The ahove prcblems of reduced sensory input
as well as the high fatigue rate associated with heavy work (Poston, 1985)
indicate that newly designed NBC equipment is warranted. Improvements to the
quipm:nt should be made in the visual and tactile areas as well as hest
reduction.

Target detection also plays an important role in information processing
and should be considered in the AFV requirements process. The faster targets
are detected and identified, the more time is left for decision making and
action taking. Typically soldiers are taught to identify targets based on
certain salient characteristics. However, in a real situation, the targets
will be degraded by distance, shrubs, or other obstacles and the salient
characteristics on which the soldier was trained may no longer be visidle. A
number of studies found that training on degraded targets can greatly improve
subsequent degraded target detection (Cockrell, 1979). 1In on2 study, target
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detection for degraded targets improved from 12% after conventional training
to 60% when soldiers were trained on degraded targets (Cockrell, 1979). In

4 another study, soldiers identified 46% of camouflaged targets at ranges of
2500 to 3500 meters befcre training and 90X after training on the degraded
targets. Given the great distances over which battle could occur, it will be
important for the AFV soldiar to be properly trained in the identification of
degraded targets. An alternative method to training is to automate target
detection and identification. It may be possible to present the soldier with
several likely choices of targets. Carefully selected increases in automated
devices should reduce human error rates and improve crew performance.

———

Another factor which interacts with information processing is aptitude
level. Scribner, Smith, and Baldwin (1986) found that both gunners and tank
commanders (7C) Armed Forces Qualifying Test (AFGT) Scores were directly and
positively related to the number of targets hit. Wallace (1982) also found
o that the best predictor of crew gunnery performance was the tank commander's .
AFQT score. Methods to reduce performance degradation inciude selecting
soldiers with high AFQT scores and designing the AFV to be used by low AFQT
soldiers. Designing the AFV to be used by low AFQT soldiers would require the
AFY to be easy to use and learn as well as reduce the number and complexity of
the decistons which need to be made.

Information processing is also affected by sustained operations. Although
the effect of SUSOPS on information processing is covered in the Centinuous
Operations section of this report, one study should be noted here. Heslegrave
and Angus (1985) suggest that previous findings in this area may have
underestimated the effects of SUSOPS because the tasks used did not involve
continucus cognitive processing. When soldiers perform a number of cognitive
1 tasks continuously over a long period, larger performance deficits are likely
to occur than past research has indicated. Heslegrave and Angus (1985) found
that serial reaction time and encoding/decoding decreased to 76X and 72X
respectively from baseline levels after 24 hours. After 48 hours of
continuous work, these values decreased to 43% and 41% respectively. Logical
reasoning decreased to 57% of baseline levels after 24 hours and 26% after 48
hours. These values suggest that serious cognitive degradation can occur
after only 24 hours work if the work is performed continuously. Metheds, such
as performance aids or work/rest schedules, should be developed and used in
order to reduce the effects of sustained operations on information
processing.

There has been a great geal of recent research on the topic of mental
workload. Mental workload is an 111-defined concept referring to the degree
that a user is busy and consequently processing information. One typical
finding is that soldiers required to monitor and detect the firing of
different numbers of unattended ground sensors (UGS) were able to detect fewer
as the number of sensors increased from 27 (71% detected) to 108 (43%
detected) (Edwards, Pilette, Biggs, & Martinek, 1978). Further, as the
activity level of the sensors increased there was a corresponding decrease in
the number of correct detections (low activity - 74X correct detections, high
activity - 40X correct detections). This study and numerous others on mental
workload (Wickens, 1984) indicate that as workload increzses above some
optimal level, performance tends to decrease. Methods to reduce workload,
such as providing performance aids in the AFV, should result in increases én
performance especially under degraded conditions.
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AFV Implications

-

A pumber of human performance MANPRINT implications for the AFV can be
drawn from the above empirical findings. Improvements in the auditory area of
information processing include developing more efficient intercom systems,
reducing the noise of the vehicle, and developing standardized hand signals
and verbal commands. The field of view should be expanded and distortion
reduced for NBC masks. To increase survivability, NBC masks should be made
more comfortable, and cooling systems provided. Developmunt of overpressure
or sealed vehicles would reduce the time spent in MOPP protection as well as
increase the length of time the scldier would be militarily effective. To
decrease target detection time, soldiers should be trained on degraded
targets, visual enhancement devices which are not affected by smoke, fog or

~ vegetation should be used, and automatic target detection devices which assist
in the identification of targets could be developed.

Mission performance could also be enhanced by selecting high aptitude
soldiers. For example, it was estimated by Scribner, et 2l. (1986) that a
switch from a 20th percentile tank commander (TC) to a 60th percentiie TC
would result in a 20% increase in performance. Alternatives to choosing
soldiers with high AFQT's include design equipment which is easier to use and
automate tasks which are error prone or difficult to perform. Scribner, et
al. (1986) estimated that moving to an M1 tank from an M69 would increase crew
performance 46.7%. It should be noted that under degraded conditions, the
tankers witn higher AFQT's may still be able to perform better than tankers
with lower AFQT's.

Another method to improve mission performance is to reduyce mental
workload. Mental workioad can be reduced in a variety of ways including the
carefy) design of man/machine interfaces. For instance, for tasks which are
primarily verbal, such as instructions, auditory input (e.g., using an
earphone) and speech output (e.g., using a microphone) provide good
performance (Wickens, vidulich, & Sandry-Garza, 1984). 1In using synthesized
spesch for such a task, response times will be faster if speech rates are
relatively high (178 wpm) rather than low (123 wpm). When primarily spatial
tasks are performed, such as map reading, visual input (e.g., with a CRT) and
manval output {with a joy stick) will usvally result in the best performance.
For menu selection on a computer display, keyboard entry is superior to
Joystick selection (Hottman, 1981). Tha use of human factors principles, such
as mentioned above, should greatly reduce the worklcad placed on an AFY
soldier and consequently improve performance, especially under adverse
conditions.

Finally, Chambers (1964) identified six information processing mechanisms
which under high workload and fatigue lead to degraded performance.
Consideration of the factors in the early development of the AFY should reduce
human errors and reduce performance degradation under adverse conditions. The
first is filtering and refers to the soldier responding to some stimuli but
not others. In the second, queing, the soldier may delay making a response
during peak workloads. The third effect is approximation and occurs when the
soldier takes short cuts, minimally complying with task demands.
Stereotyping, the fourth effect, involves the soldier making the same response
regardless of the stimulus conditions. The fifth effect is lapses and refers
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to very short, temporary periods of inattention, sometimes called microsleep.
The final effect is omission and occurs when the soldier omits portions of a
task. By designing the AFV to minimize the occurrence of these effects as well
as the incorporation of the improvements suggested above, human errors should
be reduced, safety increased and pertormance should improve.

Continuous Operations (CONOPS)
pefinition

Continuous operations (CONOPS) has been characterized in FM 22-9 as
"Combat [which] can and will continue around the clock at the same leve) of
high intensity for extended per.,ods.® Corbat of this type has been made
possible by the highly mechanized Army we nos have as well as by the
technological advances which increase resupply, regrouping and our
effectiveness during periods of poor visibility and at night. The new
advances envisioned for the AFV should make CONOPS sven easier to perform.

i distinction is made between CONOPS and sustained operations (SUSOPS).
In SUSOPS, the same soldiers are continuously engaged and have essentially no
opportunity to rest. During CONOPS, on the other hand, soldiers may find
Tulls in the fighting allowing sleep of several hours and the implementation
of work/rest schedules. It is possible for CONOPS to involve some SUSOPS.

Findings

A large number of studies have been performed to determine the effects of
CONOPS on human performance. Some of the most useful information (although it
is specific to SUSOPS performance) for AFV comes from computer simulations of
mechanized infantry, armor, and artillery units performed by Siegel and his
rolleagues (Kopstein, Sienel, Ozkaptan, ODyer, Conn, Sliffer, and Caviness,
1982). The simulations relied on past research findings to provide the manner
and amount of performance degradation due to sustained operations. Siegel,
Pfeiffer, Kopstein, Wolf, and Ozkaptan (1980) determined from past literatare
that four factors could be expected to affect performance during SUSOPS. They
were fatigue, diurnal rhythm, light level/visibiiity conditicns, and stress.
0f the four factors mentioned, fatigue was thouaht to cause the most
degradation and could be expected to afrfect performance of tasks which involve
hearing, numerical vacility, orientation, perceptual speed, reasoning and
vision.

Using critical task 1ists and performance degradations found in the
literature for the above factwrs ac -211 as others, Kopstein, at ¢l. (1982)
were able to develop performance dey-~>3ation curves for each crew position of
mechanized infantry, armor and artillery units. Figure 6 presents the
curves, adapted from FM 22-9. They indicate that performance for positions
requiring a large amount of cognitive processing, such as squad leader, will
tend to degrade quickly and extensively over time. Performance for positions
vihich are mainly manual in nature, such as a tank loader, will tend to degrade
more slowly and less extensively over time.

Effective performance afds should be developed, as suggested by the above
findings, to reduce the cognitive demands placed on leaders in order to retard
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the degradation effects of SUSOPS. Such aids may include strategies suggested
in FM 22-9 such as the use of note pads, check lists and sharing of tasks.
The latter was investigated by Siegel, Pfeiffer, Kopstein, Wilson, and
Ozkaptan (1979) to determine what method of task sharing was optimal for
SUSOPS. They concluded that paralleling of tasks (having two soldiers perform
the same tasks) resulted in the most effective performance with task sharing
(some steps of a task are carried out by two soldiers) aliso producing
effective performance.

The 2bove findings from computer simulations are based on research
results. There appears to be little disagreement in the )iterature as to what
types of performance degrade and how they degrade during CONOPS, The
Continuous Operations Study (CONOPS) Final Report (1987) includes an excellent
review of CONOPS findings. Studies cited in this report indicate that
performance which relies on short term memory, logical reasoning, or
encoding/decoding will tend to degrade about 25% for every twenty-four hours
of sustained operations (to a low of about 30% of initial performance). Ffor
instance, during EARLY CALL I and II (Haslam, 1981) (a2 British 9-day CONOPS
exercise), encoding and decoding performance were found to degrade 23X per day
for groups with no sleep.

Several other studies suppart the above findings (Haslam, 1985). Haslam
(1981) also found that rifle assembly performance degraded about 12% per day.
The decrease in performance was thought to be due more to the fact that the
soldiers had not learned this task well (and thus were relying on short term
memory) than to the complexity of the task. The above findings indicate that
many tasks required by leaders (e.g., logical reasoning and short term memory)
will tend to degrade. Methods for reducing soldier reliance on short term
memory as well as decreasing cognitive complexity can help reduce the effects
of CONOPS on performance.

vVigilance tasks, such as radar monitoring have also been found to degrade
about 25% per day (Siegel, et al., 1979). A vigilance shooting task (Haslam,
1981), which involved detecting and shooting nine targets presented for §
seconds in 20 minutes, was degraded at the rate of about 15% per 24 hours.
Tasks which are boring will tend to degrade. Feedback is one method which may
be used to increase one's motivation for a task and thus improve performance.

Banderet, Stokes, Francesconi, Kowal, and Naitch (1981) tested fire
direction center (FDC) units during a SUSOPS exercise. No unit was able to
last longer than 48 hours. Unplanned missions were executed accurateiy.
However, the latency with which they were performed increased by 35% within 30
hours. The accuracy for preplanned missions decreased after 24 hours. The
errors were caused by omissions, incorrect copying, incorrect setting or
reading of scales, and digit reversals. Overall information processing
efficiency of the unit decreased by 40X after 42 hours. Communication
problems were also found to occur (the number of *say agains® increased from 1
in the first 12 hours to 8 after 24 hours). Performance aids, which force
activities to be performed in the correct order and at the correct time, may
reduce the number of errors and improve performance. Also, the implementation
of work/rest schedules may help extend survivability time and fincrease
information processing speed.
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Although a large number of tasks do degrade rapidly during CONOPS, there
are also tasks which have been found not to degrade. Generally, tasks which
do not have a large cognitive component and tend to be more physical in nature
degrade less than cognitive tasks. For instance, performance for driving a 7
ton truck did not degrade for 11 hours of continuous driving (Fuller, 1983).
In a 48 hour continuous operations exercise (in which soldiers could get a
small amount of sieep) Banks, Sternberg, Farrell, Debrow and Dalhamer (1970)
found no degradation for target shooting. Shot grouping capacity also did not
degrade (Haslam, 1981). Grenade throwing ¢id not deteriorate over 48 hours
(Banks, et z1., 1970). And target detection also does not appear to be
greatly affected by CONOPS (Banks et al., 1970). This coincides with findings
that visual acuity is not affected by CONOPS (Haslam, 1981). However, target
detection tasks which contain a large vigilance component can be expected to
degrade. Englund, Ryman, Naitoh, and Hodgdon (1985), for example, found a 10%
decrease after 24 hours in target detection for a vigilance target detection
task.

AFV Implications

A number of implications for the AFV can be drawn from the above studies.
There is a large body of evidence to indicate that a number of critical tasks
performed by soldiers who are leaders will show rapid and marked deterioration
during CONOPS. In order to have a militarily effective AFV crew, it will be
important to develop means to retard this degradation. Performance deficits
may be reduced by changing the characteristics of the tasks themselves. The
Continuous Operations (CONOPS) Study Final Report (1987) suggested that
degradation can be retsrded if tasks are not of long duration, not cognitively
difficult, contain feedback, are well iearned, do not require much short term
memory, and are intrinsically motivating. The above characteristics should be
kept in mind when developing design requirements for the AFV. For instance,
monotonous tasks such as radar monitoring could be enhanced by providing
feedback and allowing for frequent crew rotations. AFV components should not
be overly difficult to learn as well as use. The more difficult a system is
to learn how to use, the less 1ikely that it will be learned well and the more
1ikely performance will degrade. Further, tasks should not contain a large
number of critically sequenced subtasks. Such a design can result in a large
number of errors during CONOPS.

Another method to reduce performance degradation due to CONOPS is to
provide the soldier with performance aids. Performance aids include the use
of note pads, check 1ists, cards detailing certain problem solving steps,
providing calculators and other devices such as distance estimators which can
reduce cognitive load, as well as computers which, after 48 hours,
automatically prompt the soldier to perform actions he might have forgotten.
Performance aids can be useful to the soldier by reducing the amount of
information required to be remembered, forcing a sequence of events to be
correctly followed, assisting in decision making by presenting alternatives
with possible outcomes, reducing the cognitive complexity of tasks, and
reducing errors.

One obvious method to reduce the effects of CONOPS is with sleep. Four
hours of sleep in every twenty-four (after 23 hours of deprivation) has been
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found to be sufficient to eliminate cognitive performance degradation for &
' days (Haslam, 1985). There were nc differences in whether this sleep was taken
f as one 4 hour nap or four one hour naps. B8all, Funk, Noonan, Velasquez, and
' Konz {1984) essentially confirmed Haslam's (1985) findings. Ball et al. r
(1984), however, found that map reading and deceding performance degraded
slightly after sleep. The drop was due to a recovery period which occurs for
about 15 minutes after waking up. Haslam (1985) states that sleep of four
hours, no matter how this sleep is broken up, is useful to retard the effects
of continuous operations.

: Finally, the methods of task sharing and paralleling of tasks may reduce
errors during CONOPS. As stated above, these methods involve two or more
soldiers each performing either the whole task or part of the task. Both task
sharing and paraileling require that soldiers be well cross-trained. Task
sharing is more efficient in terms of manpower, but is also slightly more

o error-prone than paralleling tasks. Both methods greatly reduce errors as
compared to single man performance and should be considered for critical task
performance during CONOPS. £fficient cross-training of crews will not only

: allow for task sharing and paralleling during CONOPS, but can also help
alleviate the effects of crew turbulence. For instance, Eaton and Neff (1978)
found that crews who were cross-trained could hit more targets and generally
had better performance than did crews who had not been cross-trained. The
suggestions given above as well as others (such as those found in FM 22-9)
could be very useful to those involved in the early work on the AFV to reduce
the effects of CONOPS on AFV human performance.

Maintenance
1 Definition

The term, "maintenance®, has multiple connotations depending upon the
context in which the term occurs. In one context the term may refer to the
world-wide network of Army depots; in another, it may refer to replacement of
a burned-out lamp. For purposes of this report, "maintenance*, is used within
the context of MANPRINT. Herein, the term connotes soldier performance of
vehicular maintenance tasks. Further, the focus is on organizational
maintenance and preventive maintenance checks and services (PMCS) performed by
the vehicle operator or crew. Under the *maintenance® heading, are also
discussed those factors, such as aptitude and training, which shape
performance as well as the aquipment and situational features which impact
specific task performance. Maintenance record keeping, parts supply, and
other administrative aspects of the total maintenance process are not covered
in this discussion.

Ffindings

The institutional training of organizational maintenance personnsl took
them only to the apprenticeship level and many critical tasks were omitted
from institutional training and were left to 0JT (United States General
Accounting Office, 1987a). Vehicle crewmen received 1ittie trzining in
preventive maintenance checks and services (PMCS) and arrived at the unit
knowing 1ittle about PMCS (Fuller, Rugge, and Harris, 1984). Fuller, et al.,
also found that the mititary units they studied neither conducted nor
scheduled on the job training (03T) for organizational maintenance or for
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operator and crew PMCS. It should be noted that Harper, Simpson, Fuller and
Harris (1981) showed that efforts directed toward increasing skills of
maintenance personnel in the unit were effective in improving maintenance and
were well worth the effort.

When unsupervised, PMCS was often not done or was done improperly
(Actkinson, 1978). This was corroborated by Fuller, et al. (1984) who found
that the ‘*before-operation® PMCS was done most frequently. The
*during-operation” and "after-operation® PMCS was rarely done unless a
breakdown occurred. They also observed that PMCS time was frequently used to
repair existing maifunctions rather than in preventing malfunctions.

Kern and Hayes (1983) discovered that in most organizational maintenance
shops, even the inexperienced mechanics were usvally unsupervised and received
no corrective feedback on their work. The shops they studied had no quality
control inspection or supervisory checks of completed work. The mechanic was
the sole judge of when the task was completed. Of the mechanics they
observed, 71% left serious uncorrected errors in repair work that required
special tools or technical specifications. Many of the mechanics were unaware
that technical specifications were required. For repairs not requiring
special tools or specifications, 22% of the mechanics still left serious
errors uncorrected. Fuller, et al. confirmed another finding by Xern and
Hayes that technical manuals (TMs) and checklists are not routinely used by
either operators or mechanics who depend instead upon their memory or consult
someone else. Kern and Hayes note that experience "stamps in" past
performance as the standard and, indeed, they found that experienced mechanics
do not differ from the inexperienced in level of skill and efficiency. Both
made about the szme number and type of errors. The consequences and
generality of this state of affairs were confirmed in a recent document
(United States General Accounting Office, 1987a) which reviewed inspection
reports on 5,539 tracked and wheeled vehicles and found that 50% of the
vehicles had been placed in "in-operable® status.

Relatively simple equipment design features are still impeding maintenance
performance. Earl and Crumley (1985) found fasteners, latches, handles and
hold-down divides on the MLRS which were difficult to release and refasten and
in one instance were a hazard to the maintainer. They also reported problems
with drain plugs and access for repairs and for cable connections. The latter
also represented problems on the M1 Tank {(AMC Materiel Readiness Support
Activity, 1984).

Fauit diagnostic equipment much as Automatic Test Equipment (ATE), Built
In Test fquipment (BITE), and Test, Measurement, and Diagnostic Equipment
(TMDE) has generally failed to meet expectations. Test data reviewed by the
General Accounting Office (1987b) showed that fault {isolation to one
line-replacable-unit (LRU) was 15X whereas the design goal was 90%. In the
same test, false removals reached 54X whereas the goal was 7%. Better results
were reported for the Patriot system when fault detection reached 88% (goal
was 99%) and fault isolation reached 62% (goal was 75%) (General Accounting
Office, 1987b). The Simplified Test Equipment for the M1 Tank (STE-M1) was
reported to be successful 52X of the time that it was used, with a reliability
of 81% (Material Readiness Support Activity, 1984). However, Marcus and
Kaplan (1984) report that the set was used on only 3X of the occasions on
which it could have been used. Further, they found that {its use consumed, on




average, 6 hours per maintenance incident rather than the 4 hours specified as
2 goal. The General Accounting Office (1987b) confirmed these difficulties
with the STE-M) and reported that Army actions to overcome test set shortfalls
and improve troublestooting will cost over $78 mitlion.

Rouse and Hunt (1986) explorad several aspects of human problem solving
performance within a troubleshooting context. They found that “cognitive
style® (as measured by the Matching Familiar Figures Test and the Embedded
Figures Test) predicted problem sclving ability better than did "ability" and
*aptitude® after minimum standards of ability and aptitude were met.
Impulsive subjects made the most errors and impulsivity was not compensated
for with practice. The best problem solvers were the reflective,
field-independent subjects. They also concluded that while human problem
solving tends to be highly context-specific, humans can be taught general
problem solving skills which transfer to specific situations. A further
finding was that humans have trouble making maximum use of the information
available in troubleshooting tasks and computerized aids can improve
performance in this situation.

The impact of MOPP gear on maintenance performance depends upon the task
being performed (Waugh and Kildulf, 1984). Conditions up to and including
MOPP 4 did not increase time to perform an "easy® task (the TOW self-test).
Or the other hand, for the *difficult" repair (Dragon night sight), use of the
mask/hood and gloves increased repair time by 18% and wearing MOPP IV resulted
in a 45% in time.

Successful organizational maintenance, according to a General Accounting
Office report (19873) was characterized by local command emphasis on
maintenance, supervision of PMCS, sufficient training in PMCS for operators
and first~1ine supervisors, and sufficient parts, tools, publications,
personnel and time devoted to maintenance.

AFV Implications

The review of this sample of reports on maintenance performance leads to
several clear implications for the AFV program. The results highlight the
importance of integrating ILS and detatled requirements for fault diagnostic
equipment into the acquisition from it's earliest stages. This integration
must extend to the "MANPRINTING® of fault diagnostic equipment itself and its
interface with other components of the total system. The importance and the
ramifications of designing for ease of maintenance (providing access,
simplicity, markings, warnings, durability, single point connections and
reducing special tools) are repeatedly emphasized by the results. Designing
the AFV for ease of maintenance and avoiding as much as possible the need for
special tools will payoff in better PMCS, more effective maintenance, and
better training. Much of the proper design can be achieved by adhering to
existing human engineering standards, guidelines and crecklists.

In tho training area, the results point to two areas for attention.
First, the institutional maintenance training program should include training
in the use of system specific fault diagnostic equipment. This implies
furnishing sufficient equipment to the schoc) for training purposes. Second,
the system training program should provide unit 0JT in maintenance. The
requirements for bringing this to fruition within the units must be considered
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in preparing the QQPRI and, ultimately, must be reflected in the unit TOE.
Another matter impacting TOE has to do with achieving a higher level of
maintenance effectiveness with existing levels of resources. The information
regarding the efficiency and effectiveness of present vehicular maintenance
practice strongly suggests that worthwhile improvements are possible through
quality control and supervisory inspection of repairs. It is no doubt an
oversimpiification to suggest that the number of mechanics might be reduced,
in order to free personnel spaces for maintenance supervisors. The point is
that the potential benefits recommend the issue for serious scrutiny. It is
also important that QQPRI take into account the entire functioning system for
each AFV variant. Failure to do so can lead to unexpected manpower
requirements in fielding the svctem (. occurred with MLRS where 246 additional
spaces were required for 26 MLRS batteries (Arabian, Hartel, Kaplan, Markus
and Promisel, 1984).

Finally, taken together, the findings arc a resounding reaffirmation of
the need for MANPRINT and a total system approach to materiel acquisition.
They repeatedly demonstrate the impact on maintenance of the interaction and
interdependence of hardware design, training, manpower, personnel, and safety
issues. There is no dearth of {llustrations of the complexity, delay and
ultimate cost of failing to integrate these considerations beginning in the
earliest stages of the materiel acquisition process.

DISCUSSION

The discussion section will focus on some of the research voids identified
from the above findings as well as provide suggestions for future research.
The research voids discussed here should not be considered the only voids
which exist. Rather, they are general areas which the authors identified as
important and for which 1ittle or no research was found. The suggested future
research needs follow logically from the voids and can provide the basis for
developing new research programs. More specific research voids and needs were
discussed as AFV implications in the resuits section of this report.

One of the most obvious and crucial research voids is the lack of critical
tasks for AFV soldier performance. Oevelopment of a data base, such as this,
relies on the collection of relevant information. However, without a critical
task 1ist, one can only guess at the relevant AFV human performance MANPRINT
issues and needs. Development of 3 critical tasks 1ist will enable guided
research to occur which can result in useful information relevant to the AFV.
This requires that a thorough job and task analysis be performed for all) crew
positions for all AFV variants.

Critical task lists also enable the determination of crew size, workload
levels and soldier/machine function allocation. These factors are vitally
important to the entire development of the system. Once task lists have been
developed, relevant past literature, some of which is presented in this
document, may be used to assist in the function allocation. Also, future
research may be directed to determining the crew size requirements, werkload
levels and the ailocation policies for the AFV.

The second research void is concerned with the factors affecting human
performance. One of the findings of encapsulation is that encapsulation, by
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itself, does not appear to cause degraded performance. Rather, it is the
{nteraction of encapsulation with other fartors which leads to performance
problems. Human performance is the end result of complex interactions of a
number of variables. However, many ¢7 these interactions have never been
cested and their impact on military performance have not been assessed. For
instance, it {s not known what the effects of high workload in an encapsulated
environment are or how training can affect workload.

past research has focused on questions of the form, "How is performance
affacted by variable X?* Answers to these types of questions are important
ans should be addressed. However, there is Tittle research directed at
answering questions such as, "How is miiitary performance affected by the
interactions of different lengths of continuous operations, encapsulation,
temperature, and workioad?* Questions such as these are difficult to answer
with typical field studies. What may be required is the development of models
of human performance under each of the conditions separately, and then
computer simulation of the {nteraction of these models. This couid be
accomplished by developing a data base which contains quantified research
relevant to the AFYV. The data base could then be used to develop models and
functions of AFV human behavior. Validation of the results through one or two
carefully designed field studies would then allow the AFV designer to conduct
tradeoff analyses via computer to determine the optimal crew size and function
allocation.

Another research void is concerned with contiruous operations. Although a
great deal is known about the types of performance which degrade during
CONOPS, there is 1ittle empirical evidence on methods of retarding the
degradation. FM 22-9 offers a number of excellent suggestions for reducing
the effects of continuous operations on military perfoimance. However, many,
if not most of these methods have never been tested to assess their
effectiveness. The fast and extreme degradation of cognitive functioning
indicates that anything that can assist and reduce the workload and
information processing required by the soldier can reduce degradation. Some
of these methods will have design implications for the AFV such as the
determination of the type of information to display on a cathode ray tube
(CRT), how it is displayed, and what types of tasks should be automated.
Future research should examine methods which reduce these factors and
determine which designs offer the most cost efficient means of reducing
degradation.

Little is known about special characteristics or aptitudes required by the
AFY soldier. After a critical task list is developed, trade-off studies can
be performed to determine the optimal category of soldier aptitude and special
characteristics to select from. Determinaticn of these factors will be
important in developing the design for the AFV. Selection of soldiers with
lower AFQT scores will necessitate AFV designs which produce performance
unaffected by aptitude. Development of such a vehicle suggests that special
attention be paid to automating tasks requiring higher aptitudes. Emphasis
should then be placed on reducing complicated tasks as well as considering
training and maintenance needs.

The design of the AFV offers special challenges in the area of training.
There are many questions and 1ittle information on this topic. For instance,
because the vehicles will have so many similar parts, can driving be taught at
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one place to all drivers? Should embedded trairing systems be used in the
vehicles? And how should maintainers be trained? Future research should be
directed at determining the place of advanced training techniques in the AFY

concept.

This 1imited review did not uncover information on several questions
regarding maintenance which would seem important. For example, what are the
conditions under which maintenance tasks will 1ikely be performed in the
airland battle environment? How will the fix-forward concept shape the
maintainer's job? How can the full potential of the ATE concept be realized?
Can changes in maintenance management alone result in significant improvements
in maintenance effectiveness?

That the subject of mafntenance is much studied at all levels became clear
in making this brief examination of existing information. Therefore cautjon
is in order before asserting that there are information voids or areas needing
research. However, based on the results of this examination, the following

are suggested as topics needing exploration:
a. Fault diagnostic test set engineering.
b. The reduction of the false removals of serviceable parts.
c. The detection and diagnosis of intermittent faults.
d. How to specify the requirements for fault diagnostic equipment.

e. Achieving a higher level of performance proficiency on the part of
the individual mechanic. Potential approaches include changes in
institutional training, 0JT, management and supervision, job aiding
and use of technical specifications.

Summary

Review of this sample of 96 documents has uncovered information
potentially useful in the AFV MANPRINT programs. This report presents that
information in a form designed to meet the needs of the user while providing a
clear audit trail back to the original research for those interested in more
detailed data. It is not possible to give a precise measure of the total
universe of research from which this sample is drawn; it is certainly much
larger than the sample. On the other hand, the scope of the search which led
to this sample of documents warrants the confident assertion that this sample
is characteristic of the total body of research. Further examination of
existing literature should continue to furnish additional information useful
in the AFV program, but that information is not likely to contradict
information presented here.
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~ obtain detailed information from the data sheets in Appendix C. 3
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